A squamous cell carcinoma of 33-yr-old patient who developed marked leukocytosis and hypercalcemia was transplanted into nude mice in which more marked leukocytosis and hypercalcemia also developed. This tumor (LJC-1-JCK) produced a colonystimulating factor (CSF) and formed a cyst in the tumor from which a CSF-producing cell line (T3M-1) was established. The CSF causes predominantly formation of granulocytic colonies in addition to macrophage colonies.
Introduction
In Japan there are several case reports of patients with malignant solid tumors in whom marked leukocytosis and severe hyper-calcemia developed (1) (2) (3) (4) (5) . Three of these tumors have been serially transplanted in nude mice and maintained for several years by Ohsawa, Kondo, and Ueyama (2, 6) . Very interestingly, leukocytosis as well as hypercalcemia invariably developed in the tumor-bearing mice (2, 5, 6) . One ofthese tumors is a squamous cell carcinoma (LJC-1-JCK), which originated from a submandibular tumor of a 33-yr-old patient with leukocytosis (-100,000/mm3) and hypercalcemia (-15 mg/dl) at the terminal stage (1, 2) . This tumor forms a cyst and always causes marked leukocytosis (-300,000/mm3) and hypercalcemia (-20 mg/dl) as it grows in nude mice. The mechanism of granulocytosis was elucidated by Asano et al. (1) , who demonstrated that the tumor secreted a colony-stimulating factor (CSF)' effective on bone marrow cells of human as well as mice. Recently, a CSF-producing cell line (T3M-1) was established from the tumor (7) . The CSF produced stimulates bone marrow cells to form predominantly granulocytic colonies (>80%) and macrophage colonies (<6%) in vitro (8) . In the previous report (2) , we demonstrated that the extirpation ofthe tumor was accompanied by rapid normalization of leukocytosis and hypercalcemia, suggesting that the hypercalcemia is humorally mediated and not due to bone metastasis. Morphological examination of the hypercalcemic, tumor-bearing mice revealed a marked osteoclastic bone resorption. Furthermore, serum immunoreactive parathyroid hormone (iPTH) levels in the hypercalcemic nude mice and the patient were not elevated. These findings suggest that these animals are a suitable experimental model for studies of humoral hypercalcemia of malignancy of human (2, 5) .
The hypercalcemia of malignancy is due to increased osteoclastic bone resorption (9) . The factors responsible in the majority of cases are unknown but not due to PTH. They are likely due to osteoclast-activating factor (OAF), and 1,25-dihydroxyvitamin D3( 1 ,25-(OH)2-D3) in certain hematologic malignancies, or factors that bind to the parathyroid hormone receptor, prostaglandins, and transforming growth factors (TGF) in solid tumors without bone metastasis (9) . Since osteoclasts are believed to derive from cells of the monocyte-phagocyte series (10, 1 1), and since CSF stimulates proliferation and differentiation of granulocyte and macrophages (12) , it is tempting to speculate that CSF may also affect bone macrophage, and stimulate osteoclastic bone resorption. On the assumption that granulocytosis and hy-percalcemia are somehow related, we examined cystic fluid from tumor JC-I -JCK and conditioned medium of T3M-1 cells by an in vitro method for bone-resorbing activity (BRA) and compared it with colony-stimulating activity (CSA).
Methods
Source oftumor and cells. Tumor LJC-1-JCK was a squamous cell carcinoma that was associated with hypercalcemia and granulocytosis both in the patient and in nude mice bearing the tumor (1, 2) . The methods for transplanting the tumor into nude mice have been described before.
A CSF-producing cell line (T3M-1 cell) was established from the tumor (7) .
Preparation of samples. Cystic fluid was aspirated from the tumor through a large needle. Usually 0.3-0.6 ml of fluid was obtained from I to 2 g tumor of hypercalcemic nude mice. Combined cystic fluid was centrifuged at 10,000 g for 30 min and stored at -20°C until assayed.
When T3M-I cells became confluent, culture medium was replaced with a fresh F-I0 medium supplemented with 5% fetal calf serum, penicillin (100 U/ml), and streptomycin (100 ,g/ml), and cultured further for 3-7 d. The spent medium was harvested, centrifuged at 3,000 rpm for 20 min, and stored at -20°C until assayed. The conditioned medium of T3M-1 cells (50-120 ml) was concentrated 10-15-fold by ultrafiltration, using PM-10 membrane.
Gel chromatography. Cystic fluid (5 ml) of tumor LJC-I-JCK and concentrated conditioned medium of T3M-I cells (6 ml) were applied to a column of Sephadex G-100 (2.2 X 83 cm) equilibrated with 0.9% NaCl solution containing 1 mM sodium phosphate buffer (pH 7.4). Eluates were collected in 5 ml/tube; 0.1 ml of eluates were taken for measurement of protein (13) . Then, 0.1 ml of bovine serum albumin (BSA) was added to all the eluates to a final concentration of 0.2%. All samples were dialyzed against 100 vol of BGJ medium (Fitton-Jackson Modification, Gibco, Grand Island, NY) at 4°C overnight (15-20 h) . The dialysis membrane used was boiled Spectrapor 3 (Spectrum Medical Industries Inc., Los Angeles, CA), with a nominal molecular weight cutoff of 3,500. Before assay samples were sterilized by filtering through a millipore filter (Milex GS, 0.22 um, Millipore Corp., Bedford, MA). In some experiments, conditioned medium of T3M-I cells was applied to a column of Sephadex G-75 (2.2 X 83 cm) equilibrated with 0.9% saline containing 1 mM sodium phosphate buffer and 0.02% Tween 20. Eluates were collected in 5.5 nil/tube and were extensively dialyzed against 0.9% saline containing 1 mM sodium phosphate buffer, penicillin (100 U/ml) and streptomycin (100 ,g/ml), then dialyzed against BGJ medium as described above. To each retentate, 0.1 ml of BSA solution (10 mg/ml), which also had been dialyzed against BGJ medium, was added and then filtered through a millipore filter. Samples were stored at 4°C until assayed for CSA, BRA, transforming activity, and interleukin 1 (IL-1) activity.
BRA. BRA was assessed using modifications of the method of Raisz (14, 15) . Pregnant mice (strain ICR) were injected subcutaneously with 10 ,uCi of 45Ca on the 16th d of the gestation. On the 17th d, the fetuses were removed, the shafts of the radius and ulna were dissected and cultured in BGJ medium. After a 24or 48-h period ofpreculture, the bones were transferred to test or control media for assay. Control values for 45Ca release were obtained by culturing bones in BGJ medium containing 0.2% BSA or the first fractions from Sephadex column (tubes 1-3) that had been processed exactly as samples as described above. After 3 d in culture, 45Ca release from bones in the test medium was compared to 45Ca release in control culture. The percentage release of 45Ca was determined by measuring radioactivity in both bone and medium and was calculated as follows: percent release = (medium dpm/medium dpm + bone dpm) X 100. All assays were performed in quadruplicate using bones from four fetuses. Statistical significance was analyzed by Student's t test. The minimum hPTH , prostaglandin El, and 1,25-dihydroxycholecalciferol (1,25-(OH)2-D3) concentrations to elicit a significant BRA were 4 ng/ml, I0-`M, and 10-10 M, respectively in our laboratory (16) . Epidermal growth factor (EGF) (1-10 ng/ml) could not elicit any significant BRA during 3 d of culture. In some experiments, fetal bones cultured for 3 d in eluates of the cystic fluid were fixed in 10% formalin, decalcified by formic acid, and stained with hematoxylin and eosin.
CSA. CSA was assessed by the methylcellulose method using mouse bone marrow cells with slight modifications (17, 18) . In short, 2 ml of 2.2% methylcellulose (Methocell powder, 4,000 cps, Dow Chemical Co., Midland, MI) in Dulbecco-Vogt medium, I ml of horse serum (Gibco), 0.5-1.0 ml of samples (Sepladex column eluates of the cystic fluid or the conditioned medium of T3M-1 cells), 0-0.5 ml of BGJ medium to adjust to total volume to 5.0 ml, and 25-30 X 104 mnouse bone marrow cells suspended in 1 ml of BGJ medium were mixed well, and 1 ml of the mixture was plated in two to four tissue culture dishes (35 X 10 mm, Falcon Labware, Oxnard, CA). Incubation was carried out at 37°C in 5% CO2 and 95% air. On day 7, the number of colonies (40 cells or more) was counted using an inverted microscope and CSA was expressed by numbers of colonies formed per 50,000 bone marrow cells for the cystic fluid and per 60,000 bone marrow cells for the T3M-l cell-conditioned medium. In some experiments, each colony was aspirated by utilizing a 10-,ul Eppendorf pipette under direct microscope visualization and cells were stained with May-Giemsa method.
IL-I. IL-I activity was measured in the C3H/HeJ mouse thymocyte mitogenesis assay as described previously (19) . Briefly, thymocytes (1.5 X 106 cells/well) from 5to 9-wk-old C3H/HeJ mice (obtained from Jackson Laboratory, Bar Harbor, ME, and bred in our laboratory) were cultured in 200 IA RPMI 1640 medium containing 10% fetal calfserum, 100 ,g/ml kanamycin and 5 X I0-`M mercaptoethanol in the presence ofdilutions oftest samples. After 3 d ofculture, thymidine incorporation was measured by the addition of [3H]thymidine (0.25 ,Ci) 6 h before harvest. Results of triplicate assay were expressed as mean±SD. Culture supernatant of a macrophage hybridoma stimulated with lipopolysaccharide (LPS; 5 ug/mIl) was used as an IL-I-containing supernatant. The macrophage hybridoma was produced as described (20) .
TGF activity. Transforming activity was measured by the stimulation of normal anchorage-dependent rat kidney fibroblasts (NRK cells, clone 49F) to form colonies in soft agar (21) . In brief, samples (0.1-0.2 ml) were suspended in 0.3% agar (Difco Laboratories, Detroit, MI; Noble agar) in Dulbecco's modified Eagle's medium (Gibco) supplemented with 10% calf serum, penicillin (100 U/ml), and streptomycin (100 Mg/ml) and containing 5 x 103 cells/ml. A portion (0.5 ml) of the resultant mixture was pipetted onto a 0.5-ml base layer (0.6% agar in the supplemented medium) in multi-well plates (41: 23 mm, Linbro Chemicals, Hamden, CT). Plates were then incubated at 37°C for 7 d in a humidified 5% CO2 atmosphere without further feeding. The assay was read unstained and unfixed at I wk and transforming activity was expressed by the number of colonies (>20 cells) in a 1-cm2 field.
Measurement ofiPTH, prostaglandins, vitamin D metabolites, and EGF. iPTH concentrations in the fractions with BRA of the cystic fluid were determined by radioimmunoassay kits (Eiken Corp., Tokyo) using antiserum specific for COOHand NH2-terminal regions. Normal serum PTH levels determined by COOHand NH2-terminal radioimmunoassay are 0.3-1.1 ng/ml and <0.6 ng/ml, respectively. Prostaglandin E (PGE) concentrations in the cystic fluid were measured by a radioimmunoassay kit (Clinical Assays, Cambridge, MA) (22) at Tokyo Clinical Laboratory (Tokyo). The assay measures both prostaglandin El and E2. Each is converted to PGB, and PGB2, respectively, by alkaline treatment. The antibody, while primarily binding PGB,, also binds PGB2 by the 23% cross-reactivity. The antibody only slightly crossreacts with PGF1. or PGF2a (<0.23%). Normal PGE concentrations in serum are <230 pg/ml. Vitamin D metabolite concentrations in the cystic fluid were mea sured at the Chugai Pharmaceutical Co. by competitive protein binding assay and radioreceptor assay (23, 24) . Normal serum concentrations of 25-hydroxyvitamin D (25-OH-D), 24,25-dihydroxyvitamin D (24,25-(OH)2-D), and 1,25-dihydroxyvitamin D (1,2540H)2-D) in the rat (Fisher stain) serum are 18.7±2.9 ng/ml, 2.24±1.04 ng/ml, and 130±11.1 pg/ ml (n = 6, mean±SD), respectively. The normal vitamin D concentration of nude mouse serum is not known, because of difficulties of collecting enough serum for assay.
EGF in the eluates of T3M-1 cell-conditioned medium was assessed by radioreceptor assay using human placental membrane fraction as matrix. Minimum detectable doses of mEGF was <1 ng/ml (25) .
Effects ofindomethacin and glucocorticoid on BRA and prostaglandin E releasefrom culturedfetal bones. In several experiments, fetal mouse bones labeled with 45Ca were cultured in the control fraction (tubes [1] [2] [3] [4] [5] or in the fractions with BRA (tubes 43-48, Fig. 3 ). In each sample, indomethacin or hydrocortisone dissolved in ethanol was added to final concentrations of 10-81-I-5 M. The same dose of ethanol was added to control cultures. The final ethanol concentration did not exceed 0.1%.
After 3 d of culture, "5Ca release from the fetal bones was assessed as described above.
To investigate the amount of PGE produced in the fetal bones and released into the culture medium, fetal mouse bones that had not been labeled with 4'Ca were cultured in the control (tubes 1-5), fractions with BRA (tubes 43-48) and the same fractions containing 10-6 M indomethacin. After 3 d of culture, spent culture medium (0.5 ml/well) from four fetal bones was combined and stored at -20°C. PGE concentrations in these combined conditioned media were determined by a radioimmunoassay kit as described above (22) .
Heat stability. Eluates containing BRA (tubes 44-48, Fig. 3 ) and CSA (tubes 34-39) of the T3M-I cell-conditioned medium were pooled and heated for 30 min in a water bath at various temperatures. Then, samples (5 ml) were cooled, and 0.1 ml of 10% BSA solution was added. They were dialyzed against BGJ medium and assayed for BRA and CSA.
Effect ofproteolytic enzyme. Control eluates (tubes 1-3, and 58-60) and eluates containing BRA (tubes 44-48, Fig. 3 ) and CSA (tubes [35] [36] [37] [38] were incubated with bovine trypsin (5 Ag/ml; 15,042 SU/mg, Calbiochem-Behring Corp., La Jolla, CA) in 0.9% NaCl solution containing I mM sodium phosphate buffer (pH 7.4) for 2 h at 37°C. The reaction was terminated by the addition oftrypsin inhibitor (20 4g/ml, from soya bean, 6,000-8,000 BAEE U/mg, BDH Chemicals Ltd., Poole, England), then BSA was added to a final concentration of 0.2%. Simultaneously, half of these combined eluates were incubated first with the same dose of trypsin inhibitor (20 ,g/ml). After 2 h incubtion at 37°C, trypsin was added to 5 yg/ml, followed by the addition of BSA to a final concentration of 0.2%. All samples were dialyzed against BGJ medium and assayed for BRA and CSA.
Transplantation of T3M-1 cells to nude mice. CSF-producing T3M-I cells were transplanted subcutaneously in the flanks of nude mice. When the tumor grew to more than I g and the tumor-bearing nude mice started to lose weight, they were anesthetized with ether and blood was taken from the abdominal aorta. Peripheral blood leukocytes were counted by hemocytometer and serum calcium concentration was measured by colorimetric assay kits (Yatoron Ltd., Tokyo). The tumor-bearing nude mice were immersed in 10% formalin. Shafts of the femurs were decalcified and stained with hematoxylin and eosin.
Histodynamic studies of bones of control and tumor-bearing nude mice. The tumor LJC-1-JCK was inoculated into the right flank of five nude mice weighing -25 g at the age of 16 wk. 7 and 8 d after the transplantation, chlortetracycline (2 mg/l00 g body weight) was administered intraperitoneally into five control (17 wk old) and five tumorbearing nude mice. 16 and 17 d after the transplantation, calcein (0.8 mg/100 g body weight, obtained from Nakarai Chemicals Ltd., Tokyo) was administered intraperitoneally into both groups. After an additional five days, mice were killed. Left femurs were removed and fixed in 70% ethanol, dehydrated in graded ethanol, stained with Villanueva's bone stain for 3 d and embedded in methylmethacrylate. Undecalcified bone sections of about 40 sm were prepared by cutting with a crystal cutter (MC-202, Maruto Co., Ltd., Tokyo) and grinding with sand paper. These sections were mounted with Eukitt's media (Calibrated Instrument Inc., Ardsley, NY), and tetracycline and calcein uptakes at the mineralization front in the periosteum were studied by a fluorescent microscopy.
Results
BRA and CSA in the cystic fluid. Tumor cystic fluid, when unfractionated, showed only slight BRA (data not shown). However, when it was chromatographed on a Sephadex G-100 column, much greater BRAs were demonstrated at a molecular weight of 30,000-50,000 (peak II) and 10,000-20,000 (peak III) ( Fig.  1, upper panel) . The tumor extract also contained a slight BRA corresponding to peak III (data: not shown). In other experiments, the BRA in the peak III was stronger than that in the peak II. A slight BRA at the void volume (peak I) was variable; old cystic fluid stored at -20°C for 1-2 yr contained a higher BRA at the void volume, but a fresh one showed a small activity as shown in Fig. 1 . Prostaglandin E levels in the cystic fluid was only 924 pg/ml and no BRA was detected at the total bed volume.
As reported previously (1, 5) , the cystic fluid contained a striking CSA: the main CSA eluted at the molecular weight of -30,000, with a weak peak ofthe activity at the molecular weight of 15,000 ( Fig. 1 B) . Although BRA and CSA eluted in broad peaks, it should be pointed out that the tubes 46, 47, and 48, in which the strongest BRA was present, contained little or no CSA. Morphologic examination of cells aspirated from the colonies revealed that most ofthe colonies were consisted ofgranulocytes as described previously (8) .
Fetal mouse forearm bones co-cultured with the peak III of the cystic fluid was almost completely (95%) resorbed during 3d culture. When this bone was examined histologically, the bone was completely resorbed (Fig. 2 ) and the bone remnant was full of osteoclasts.
BRA and CSA in the conditioned medium. When nonconditioned medium (60 ml) containing 5% FCS was concentrated 4, and applied to a Sephadex G-100 column, a slight BRA was demonstrated in fractions 18-30, in which macromolecular proteins greater than BSA with BRA (26, 27) were eluted. However, no significant BRA was detected in other fractions. Nonconditioned medium did not have any CSA. The unfractionated T3M-1 cell-conditioned medium, when extensively dialyzed against BGJ medium, contained a slight but significant BRA (data not shown) compared with the nonconditioned medium. The activity was stronger when the cells were cultured for 6-7 d than for 3 d. When the culture medium conditioned by T3M-1 cells for 6 d (60-100 ml) was concentrated and applied to Sephadex G-100 column, a powerful BRA was demonstrated in fractions [44] [45] [46] [47] [48] with an apparent molecular weight of 14,000, which exactly corresponds to the BRA ofpeak III in the cystic fluid ( Figs. 1 and 3) . No BRA was detected near the void volume, however, a slight BRA was frequently detected in the tubes numbered 36-40. To investigate whether the conditioned medium contained inhibitors for BRA, submaximal dose of 1 ,25-(OH)2-D3 was added to each eluate to a final concentration of 10-' M. The BRA induced by I,25-(OH)2-D3 was distinctly suppressed around the region where BSA was eluted (data not shown).
When Tween 20 was not added to the elution buffer ( Fig.  3) , CSA was eluted in three peaks. As reported previously (8), the main CSA was eluted in fractions 34-39 with an apparent molecular weight of 30,000 (peak B), which corresponds to the main CSA in the cystic fluid. Furthermore, a small peak was noted in fractions 41-45 after the main peak as was in the cystic fluid ( Figs. 1 and 3) . The apparent molecular weight ofthis peak was about 15,000. This peak C was variable and dependent on the lot of the conditioned medium: some lots did not contain peak C. In addition, another peak was detected before BSA. This peak (peak A) tended to be higher, the more the conditioned medium was concentrated.
When the samples were applied to a Sephadex G-75 column and eluted with a Tween 20-containing buffer (Fig. 4) , CSA was eluted in only peaks B and C; peak A disappeared completely, suggesting that peak A (Fig. 3 ) was due to aggregates of CSF or CSF bound nonspecifically to serum proteins. BRA was eluted in the region with an apparent molecular weight of 10,000-20,000, where little or no CSA was detected. These findings suggest that BRA resides in the macromolecular factor different from CSF. IL-1 activity. When 50 ,d of the fractions 36-39 with CSA and fractions 44-49 with BRA (Fig. 3 ) were added to mouse thymocyte culture, proliferative response of thymocytes was 138±7 and 226±102 cpm, respectively. Thymocyte proliferation induced by 25-ul culture supernatant of a macrophage hybridoma, a positive IL-I control, was 22,481 ± 1,785 cpm. LPS (0.25 ,ug) did not induce any significant proliferation. Background incorporation was 138±55 cpm. These results demonstrate that direct IL-1 activity in the fractions with BRA is very low, ifany.
Transforming activity. Two distinct peaks of TGF activity were detected in the eluates of the T3M-I cell-conditioned medium (Fig. 4) . The major peak was eluted near the void volume. Concentrations of iPTH, prostaglandins, vitamin D metabolites, and EGF. iPTH concentrations in the eluates ofthe cystic fluid with the highest BRA (peak III) were 0.22 ng/ml when antibody specific for the COOH-terminal region was used. It was 0.2 ng/ml by the NH2-terminal assay. 25-OH-D, 24,25-(OH)2-D, and 1,254OH)2-D concentrations in the cystic fluid were 8.8 ng/ml, 0.63 ng/ml, and 49.1 pg/ml, respectively. EGF concentrations in each eluate ofthe T3M-1 conditioned medium were all below the sensitivity ofthe assay (<1 ng/ml), suggesting that BRA can not be accounted for by these osteolytic substances.
Effects ofglucocorticoid and indomethacin on BRA and PGE releasedfrom culturedfetal bones. BRA in the eluates of T3M-1 cell-conditioned medium was almost completely inhibited by indomethacin at l0-7-l0-5 M. High concentrations of hydrocortisone (10'-l0-5 M) also inhibited the BRA, but the inhibitory effect was not evident at lower concentration (10-8 M), suggesting that the activity could not be ascribed to OAF (Table I) .
When PGE produced in fetal bones and released into the medium during 3 d of culture was measured, control medium contained 73±33 pg/ml (mean±SD, n = 3). PGE concentration in the spent medium containing BRA was 186±34 pg/ml Humoral Hypercalcemia ofMalignancy and Leukocytosis 149 Figure 4 . BRA, CSA, and transforming activity in the T3M-1 cell-conditioned medium. The conditioned medium (120 ml) was concentrated and applied to a Sephadex G-75 column. The column was eluted with 0.9% NaCl solution containing 1 mM phosphate buffer and Tween 20 (0.02%). Each eluate (5.5 ml) was extensively dialyzed against 0.9% NaCl (twice) and BGJ medium (once). Then 10% BSA solution, which also had been dialyzed against BGJ medium, was added to each sample. Samples were filtered and stored at 4°C until assayed for BRA, CSA, and transforming activity as described in (mean±SD, n = 3), which was decreased to 34±16 pg/ml (mean±SD, n = 3) by the addition of 10-6 M indomethacin. These findings suggest that bone resorbing factor in the T3M-1 cell-conditioned medium stimulated PGE production in fetal mouse bones during 3 d of culture.
Effects ofheating and trypsin treatment on BRA and CSA.
BRA in the eluates of T3M-1 conditioned medium was stable at least for 3 mo when stored at 4°C. Heating to 56°C for 30 min did not inactivate BRA. However, it was partially inactivated at 70°C and completely inactivated at 100°C. CSA in the eluates of T3M-1 cell-conditioned medium was also-stable at 56' but almost completely inactivated at 700C (Table II) . BRA in the eluates of T3M-I cell-conditioned medium was not inactivated by treatment with trypsin (5 ug/ml), whereas CSA was completely inactivated (Table III) .
Transplantation of T3M-1 cells to nude mice. In order to investigate whether BRA detected in vitro in the T3M-1 cellconditioned medium was capable of inducing hypercalcemia in vivo, T3M-1 cells were transplanted into three nude mice. When the tumor grew to -1 g, serum Ca concentrations were elevated to 14.9±2.9 mg/dl (mean±SD, n = 3), and peripheral blood leukocytes exceeded 50,000/mm3 in all mice. Histological examination ofthe shaft ofthe femur ofthese hypercalcemic nude mice revealed marked increase in osteoclastic bone resorption Fig. 3 ) of T3M-1 cell-conditioned medium were studied by adding each agent to a final concentration as described above. Control bones were cultured with the eluates (fractions 1-3), which had been processed exactly as samples. All cultures were performed in quadruplicate. Data are percentage of 45Ca (mean±SD) released into the medium during 3 d of culture. *P<0.05.
as previously reported in the tumor (LJC-l-JCK)-bearing nude mice (2) .
Histodynamic studies ofbones oftumor (LIC-J-JCK)-bearing nude mice. Serum Ca levels in the control and tumor-bearing nude mice were 9.5±0.4 and 16.8±2.5 mg/dl (mean±SD, n = 5), respectively. In the control nude mice, no resorption cavity was found in the cortex of the diaphysis of the femur, and the clear double labels of tetracycline and calcein encircled the cortical bone in the whole subperiosteal ( Fig. 5 A) , suggesting that bone formation proceeded normally in the control mice.
In contrast, the cortical bone ofthe tumor-bearing nude mice contained a number of resorption cavities (Fig. 5 B) . Further- .0 ..t.,L it!N#S-F-0- Trp-Inh 13.1±2.0 0 Trypsin (trp; 5 gg/ml) was added to controls (tubes 1-3, and 58-60, Fig. 3 ), fractions containing BRA (tubes 44-48) and CSA (tubes [35] [36] [37] [38] . After 2 h incubation at 37°C, trypsin was inactivated by the addition of trypsin inhibitor (Inh; 20 ug/ml). Simultaneously, half of these samples were first treated with the same dose of trypsin inhibitor (20 jig/mi). After 2 h incubation at 37°C, the same dose of trypsin (5 ug/ ml) was added. Then, BSA was added to all samples to a final concentration of 0.2%. Samples were dialyzed against BGJ medium and assayed for BRA and CSA. Data are mean±SD of quadruplicate assay for BRA and triplicate assay for CSA. more, the clear double labels of tetracycline and calcein in the periosteal bone were distinctly diminished, suggesting the suppression of bone formation in the tumor-bearing hypercalcemic nude mice.
Discussion
CSF is a growth factor that stimulates the growth and differentiation ofthe granulocyte and macrophage lineages (12) . Recently macrophage CSF (mCSF) (28) and granulocyte CSF (gCSF) (29) , which primarily stimulate the proliferation and differentiation of macrophage and granulocyte precursors, respectively, have been purified. The tumor LJC-I-JCK as well as T3M-1 cells established from the tumor produces CSF effective on bone marrow cells of human and mouse (1, 2, 8) . The CSF produced by T3M-1 cells stimulates predominantly the formation ofgranulocyte colonies in vitro, however, macrophage colonies were also formed at higher CSF concentration in the assay (up to 6%) (8) . Therefore, we describe the CSF produced by the tumor as GmCSF until it will be purified to homogeneiety. Since osteoclasts are believed to derive from the macrophage-monocytes series (10, 1 1), it is tempting to speculate that the GmCSF also participates in the pathogenesis of humoral hypercalcemia in the tumor-bearing nude mouse and the patient. Examining simultaneously BRA and CSA in the eluates of gel chromatography, we have demonstrated that the tumor LJC-1-JCK as well as T3M-1 cells produces and secretes a powerful bone resorbing factor distinctly different from the GmCSF in terms of molecular weight, heat stability and trypsin treatment. In favor of these findings is the clinical observation that patients with marked leukocytosis with a CSF-producing tumor do not necessarily develop hypercalcemia (30) .
Consistent with the recent notion that the hypercalcemia of malignancy is not due to PTH in the majority of cases (31) , the serum iPTH levels of our hypercalcemic nude mice and the patient were not elevated (2) . Furthermore, iPTH concentration determined by NH2-terminal assay (0.20 ng/ml) was not sufficient to elicit bone resorption; 4 ng/ml of hPTH (1-34) was a minimal concentration for PTH to elicit the activity in our laboratory (16) . Another candidate for the bone resorbing factor, OAF, is also unlikely, since indomethacin could (32) and glucocorticoid at a lower concentration (10-8 M) could not (33) inhibit the BRA in the T3M-1 cell-conditioned medium. These in vitro findings are very consistent with those observed in tumorbearing nude mice as well as in another patient since prednisolone treatment failed to ameliorate the hypercalcemia (2, 3) .
Furthermore, 1,25-(OH)-D and PGE concentration in the cystic fluid, a natural conditioned medium obtained in vitro, were 49.1 pg/ml (l.1 X 10`0 M) and 924 pg/ml (2.6 X 10-9 M), respectively. Although these are the minimal concentration to elicit a significant BRA in the bioassay used (16) , it is highly unlikely to account for the strong macromolecular BRA in the diluted eluates of the cystic fluid (Fig. 1) .
Recently, some growth factors, such as EGF and plateletderived growth factor (PDGF), were shown to have potent BRA in vitro (34) (35) (36) . The BRA produced by the tumor is neither due to EGF as determined by radioreceptor assay, nor due to PDGF since the activity was lost at 100°C (37) . More recently, Mundy et al. (38, 39) found that a tumor-derived TGF is responsible for humoral hypercalcemia of malignancy. Although T3M-1 cell-conditioned medium contained TGF activity, no TGF activity was detected in the fractions with BRA. These findings suggest that this tumor produces bone resorbing factor distinctly different from TGF-a. Whether the BRA possesses TGF-4 activity, a putative bone resorbing factor for humoral hypercalcemia (40) , remains to be elucidated. Furthermore, it should also be studied whether the bone resorbing factor stimulates adenylate cyclase in renal cell membrane (41, 42) or cultured osteosarcoma cells (43) .
The BRA produced by T3M-1 cells stimulated PGE release from cultured fetal bones and was almost completely inhibited by prostaglandin synthesis inhibitors, indomethacin ( l0-7-l0-5 M) and glucocorticoid at higher concentrations (10-6_10-5 M).
Therefore, we assume that it stimulates bone resorption through the local stimulation of prostaglandins of the E series or other metabolites of arachidonic acid in bone as reported in EGF, PDGF, TGF and some osteolytic factors derived from solid tumors (34, 36, 40, 44) .
T3M-1 cells produce exactly both biological activities produced by the original tumor. Elution profile of CSA was almost identical with that of the cystic fluid: major CSA (peak B) was eluted in the same fractions [34] [35] [36] [37] [38] [39] with an apparent molecular weight of 30,000 ( Figs. 1 and 3) . Peak A in the conditioned medium appears to be aggregates of CSF or CSF bound to serum proteins nonspecifically, since this peak disappears completely when the sample was eluted in the buffer containing Tween 20 (Fig. 4) as reported previously (8) . In addition, T3M-1 cells produced a powerful BRA with an apparent molecular weight of 14,000 that exactly corresponds to the peak III of the cystic fluid. A BRA of peak II, however, was not distinctly demonstrated in the conditioned medium. At present, we are unable to interpret this discrepancy in the conditioned medium obtained in vivo and in vitro, but it is likely that a cell lineage that produced .M the BRA of peak II had been eliminated during the cloning procedure. Another possibility will be discussed in the next paragraph. It is highly likely that peak I represents aggregates of bone resorbing factor or bone resorbing factot bound to serum protein nonspecifically, since the longer (for 1-2 yr) the cystic fluid was stored at -20°C, the higher activity was detected at the void volume.
It should be pointed out that a slight but significant BRA was frequently detected in the fractions containing the strongest CSA (Fig. 3) . Our present data, therefore, can not absolutely exclude the possibility that GmCSF possesses intrinsically a weak BRA per se. In this regard, it is of interest that mCSF obtained from L cell conditioned medium (28) stimulates macrophages to produce IL-1 (45), a recently identified potent bone resorbing factor (46); The bone resorbing factor produced by the tumor has a molecular weight similar to IL-1. Since the eluate with BRA contained slight IL-1 activity, we are investigating whether IL-1 activity was derived from the tumor. Furthermore it is of great interest to study whether the BRA, like mCSF, is capable of stimulating macrophages to produce IL-1.
Recent progress in bone research revealed that osteoclasts are derived from macrophages in the bone marrow (10, 1 1). Therefore, it is fascinating that a clonal cell established from a patient with humoral hypercalcemia of malignancy produces at least two humoral factors: a growth factor for colony-forming units in culture (CFU-C) or precursor cells committed to differentiate to granulocytes and monocytes/macrophages, and a bone resorbing factor that directly or indirectly stimulates these putative osteoclast precursors and/or osteoclasts. From the teleological point of view, the findings that the tumor produces simultaneously two factors that stimulate granulocytopoiesis and enlarge the bone marrow cavity are very interesting.
Histodynamic studies on bones in the control and tumorbearing nude mouse revealed that the bone formation in the hypercalcemic nude mouse was distinctly diminished. Similar findings were reported recently by Stewart et al. (47) who also demonstrated that bone formation rate is diminished in patients with humoral hypercalcemia of malignancy, a distinct feature different from an increased rate of bone formation in patients with primary hyperparathyroidism (47) . Taking these observations together, we presume that marked increase in osteoclastic bone resorption together with decreased bone formation gives rise to marked hypercalcemia in the tumor-bearing nude mouse and probably in the patient.
In Japan, there are at least eight case reports of patients with solid tumors who developed marked leukocytosis and hypercalcemia. If pathologic manifestations, which at first seem to be totally disconnected, are found together in a sufficient series of patients, some relation between them is apparent (48) . We have found that a clonal cell line established from these tumors produced CSF and bone resorbing factor in vitro, and gave rise to marked granulocytosis and hypercalcemia in vivo, respectively. We postulate that an excessive production by the tumor of GmCSF, which recruits osteoclast precursors, and of bone resorbing factor, which affects these precursor cells and stimulates osteoclastic bone resorption, caused synergistically hypercalcemia in the tumor-bearing nude mice and patients as well. Therefore, we presume that hypercalcemia and leukocytosis in some patients with solid CSF-producing tumors may constitute a new paraneoplastic syndrome (2, 5) . Although such cases are mostly reported in Japan, a similar paraneoplastic syndrome was reported in a few patients in the United States (49, 50) and also in the mouse (51) .
